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The cation, anion, and solvent in the title compound, 
[K(C 18 H 36 N 2 O 6 )][Co(C 8 H 12 )(C 16 H 10 ) 2 ]-0.5C 5 H 12 , are well 
separated. The pentane solvent molecules are found in 
channels along [100] and were modeled as disordered over 
crystallographic inversion centers. Using the mid-points of the 
coordinated olefins, the angle between the C P y/Cpy-Co-C P y/ 
C py and the C cod /C cod -Co-C cod /C cod planes (py is pyrene and 
cod is cyclooctadiene) is 67.6 (2)°. Thus, the overall geometry 
of the coordination sphere around cobalt is best described as 
distorted tetrahedral. 



Related literature 

For the synthesis of the precursor molecule, see: Brennessel et 
al. (2006). For cobalt anions with non-conjugated olefin 
ligands, see: Jonas (1981, 1984, 1985); Jonas et al (1976); Jonas 
& Kriiger (1980). For the structure of free pyrene, see: 
Frampton et al. (2000). For a description of the Cambridge 
Structural Database, see: Allen (2002). 



Experimental 

Crystal data 

[K(C 18 H 36 N 2 0 6 )][- 

Co(C 8 H 12 )(C 16 H 10 ) 2 ] -0.5C 5 H 12 
M, = 1023.25 
Triclinic, PI 
a = 12.1007 (9) A 
b = 12.9869 (10) A 
c = 18.7501 (14) A 
a- = 72.064 (1)° 



Data collection 

Bruker SMART CCD Platform 
dif fractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2008) 
T*&, = 0.837, T max = 0.964 

Refinement 

R[F 2 > 2a(F 2 )} = 0.042 
wR(F 2 ) = 0.108 
S = 1.01 

11375 reflections 
678 parameters 
5 restraints 



ft = 81.595 (1)° 
y = 68.558 (1)° 
V = 2607.5 (3) A 3 
Z = 2 

Mo Ka radiation 
/x = 0.46 mnT 1 
T = 173 K 

0.40 x 0.24 x 0.08 mm 



29850 measured reflections 
11375 independent reflections 
7919 reflections with / > 2a(l) 
R<„. = 0.037 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Aytw = 0.74 e A" 3 



-0.48 e A" 



Data collection: SMART (Bruker, 2003); cell refinement: SAINT 
(Bruker, 2003); data reduction: SAINT; program(s) used to solve 
structure: SIR97 (Altomare et al, 1999); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This research was supported by the US National Science 
Foundation and the donors of the Petroleum Research Fund, 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IM2388). 
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([2.2.2]Cryptand-fc 6 0)potassium (f/ 4 -cyclooctadiene)bis(f/ 2 -pyrene)cobaltate(1-) 
pentane hemisolvate 

William W. Brennessel and John E. Ellis 

Comment 

Klaus Jonas had shown that cobalt anions could be ligated solely by olefmic moieties, whether by ethylene itself or by 
isolobal analogs like 1,5-cyclooctadiene (Jonas et ah, 1976; Jonas & Kriiger, 1980; Jonas, 1981, 1984, 1985). This led to 
the possibility that ^-coordinated pyrene ligands could offer a similar stabilization of the metal center. Pyrene is an 
interesting molecule in that when coordinated rj 1 through two side carbon atoms (C4/C5 and C20/C21 in figure), it can be 
behave as a coordinated ethylene ligand with an exo-phenanthrene unit. Thus pyrene could offer the ethylene-type 
ligation, with the possible bonuses of resonance stabilization energy in the exo-phenanthrene portion and additional 
electron withdrawing capabilities. 

The structure is unique. Of the ten reported transition metal structures to date containing a pyrene or substituted (not by 
additional fused rings) pyrene ligand (Allen, 2002), only the title compound is mononuclear and has a pyrene-to- 
transition metal ratio of greater than one. The coordinated ethylene moieties of the pyrene ligands have C-C bond 
distances of 1.420 (3) and 1.425 (3) A, which are much longer than the respective distances in free pyrene (average 1.341 
A) (Frampton et ah, 2000), and provide evidence of significant back-bonding. 

Experimental 

Room temperature tetrahydrofuran (THF) was added to a flask containing excess cryptand[2.2.2], excess pyrene, and 
bright magenta and highly air-sensitive [K(THF)J[Co(^ 4 -l,5-cyclooctadiene)(^ 4 -Ci 0 H 8 )] (Brennessel et ah, 2006). The 
reaction mixture was swirled briefly, layered with pentane, and stored at 0 °C for two days. During that time, purple- 
black plates formed that were suitable for single-crystal X-ray diffraction. 

Refinement 

Hydrogen atoms on metal-coordinated carbon atoms were found from the difference Fourier map, and their positional 
and isotropic displacement parameters were refined independently from those of their respective bonded carbon atoms. 
All other hydrogen atoms were placed geometrically, and refined relative to their respective bonded carbon atoms: 
£4o[H]= 1.5*J7 eq [C] for methyl and t/ is0 [H] = 1.2*(7 eq [C] for methylene and aromatic hydrogen atoms. 

The cocrystallized pentane solvent molecule is modeled as disordered over a crystallographic inversion center (50:50). 
Corresponding bond lengths and angles in both directions along the pentane molecule were restrained to be similar. 
Anisotropic displacement parameters for spatially close symmetry-related atoms were constrained to be equivalent. Bond 
lengths C59-C60 and C60-C61 were restrained toward ideal distances (1.52 A). 
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Computing details 

Data collection: SMART (Bruker, 2003); cell refinement: SAINT (Bruker, 2003); data reduction: SA INT (Bruker, 2003); 
program(s) used to solve structure: SIR97 (Altomare et ah, 1999); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 

C25 




C39^ ~" WC36 

Figure 1 

Molecular structure of the anion showing displacement ellipsoids at the 50% probability level. 



([2.2.2]Cryptand-/c 6 0)potassium (i/ 4 -cyclooctadiene)bis(i/ 2 -pyrene)cobaltate(1 -) pentane hemisolvate 



Crystal data 

[K(C 18 H 36 N 2 O 6 )][Co(C 8 H 12 )(C 16 H 10 ) 2 ]-0.5C 5 H 12 

M r = 1023.25 

Triclinic, PI 

Hall symbol: -P 1 

a= 12.1007 (9) A 

b= 12.9869 (10) A 

c= 18.7501 (14) A 

a = 72.064(1)° 

£=81.595 (1)° 

7 = 68.558 (1)° 

V= 2607.5 (3) A 3 



Z=2 

P(000) = 1090 

D x = 1.303 Mgnr 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3044 reflections 

(9 = 2.5-26.3° 

ju = 0.46 mnT 1 

T= 173 K 

Plate, purple-black 

0.40 x 0.24 x 0.08 mm 
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Data collection 

Broker SMART CCD Platform 

diffractometer 
Radiation source: normal-focus sealed tube 
Graphite monochromator 
area detector, w scans per <p 
Absorption correction: multi-scan 

(SADABS; Sheldrick, 2008) 
T mm = 0.837, r max = 0.964 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > 2cr(^ 2 )] = 0.042 
wRiF 2 )^ 0.108 
S = 1.01 

11375 reflections 
678 parameters 
5 restraints 

Primary atom site location: structure-invariant 
direct methods 



29850 measured reflections 
11375 independent reflections 
7919 reflections with I> 2a(I) 
R mt = 0.037 

#max = 27.1°, d m in = 1.8° 

A = -15-»15 
& = -16->16 
/ = -23^23 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 2 ) + (0.042 IP) 2 + 1.344P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
Ap max = 0.74 e A" 3 
Ap mm = -0.48 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating P-factors(gt) etc. and is not relevant to the choice of reflections for refinement. P-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^iso ' <^eq 


Col 


0.33875 (3) 


0.99538 (2) 


0.695903 (16) 


0.02569 (9) 


CI 


0.6218 (2) 


0.5743 (2) 


0.63059 (16) 


0.0444 (6) 


HI 


0.6440 


0.5021 


0.6202 


0.053* 


C2 


0.6095 (2) 


0.6726 (2) 


0.57259 (15) 


0.0451 (6) 


H2 


0.6238 


0.6679 


0.5223 


0.054* 


C3 


0.5761 (2) 


0.7792 (2) 


0.58711 (14) 


0.0386 (6) 


H3 


0.5707 


0.8459 


0.5464 


0.046* 


C4 


0.51596 (19) 


0.90131 (18) 


0.67510(13) 


0.0273 (5) 


H4 


0.544 (2) 


0.958 (2) 


0.6390 (13) 


0.032 (6)* 


C5 


0.49812 (19) 


0.90716 (18) 


0.75050 (12) 


0.0264 (5) 


H5 


0.5152(18) 


0.9648 (19) 


0.7633 (12) 
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C6 


0.5048 (2) 


0.8047 (2) 


0.88655 (13) 


0.0362 (5) 


H6 
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C7 


0.5272 (2) 


0.7032 (2) 


0.94513 (14) 


0.0411 (6) 


H7 


0.5192 


0.7066 


0.9956 


0.049* 


C8 


0.5606 (2) 


0.5986 (2) 


0.93018 (14) 


0.0399 (6) 



Occ. (<1) 
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(A 0\ 

(12) 


A ACOC /1 0"\ 

0.05 /5 (1 /) 


A AAOC 

0.0095 


/1 OA 

(10) 


A AACA /1 0\. 

—0.0056 (12) 


n nil yj /11A 
—0.01 14 (11) 


po 1 

C31 


A m £ A 

0.0364 


(13) 


A A 1 O C 

0.0185 


(11) 


A AO H \* /1 O A 

0.0371 (13) 


A AA/^O 

-0.0068 


/AA 

(9) 


A AA/ 1 / 1 AA 

—0.0061 (10) 


A AAOO /AA 

—0.0083 (9) 


C32 


A AI AO 

0.0308 


f'l OA 

(12) 


A A1 "71 
0.01 15 


/1 AA 

(10) 


A A/1 1 O /1 1A 

0.0412 (13) 


A AAC1 

-0.0055 


/OA 

(9) 


A AA/1 C / 1 AA 

—0.0045 (10) 


A AAOA /AA 

—0.00 /9 (9) 


C33 


A OIAA 
0.0300 


/1 OA 

(12) 


A AO A 0 

0.0242 


f' 1 o\. 

(12) 


A AIOO /1 A A 

0.0599 (14) 


A A 1 1 O 

0.0 119 


/1 A\ 

(10) 


A AAO/1 /1 OA 

—0.00/4 (10) 


A OAA/1 /1 A\. 

0.0004 (10) 


/^O A 

C34 


A AT OA 

0.0320 


f'l 1A 

(13) 


A A1 1 /I 

0.0534 


f'l 1\ 

(13) 


A AO OA /1 1A 

0.0290 (13) 


A A1 A 1 

—0.0145 


/1 OA 

(10) 


A AA/1 O / 1 AA 

—0.0042 (10) 


A AA1 1 /1 AA 

—0.0011 (10) 


C35 


a m 1 i 
0.03 13 


/1 1A 

(13) 


A A1 H 1 

0.0561 


f'l 1\ 

(13) 


A A/1 OO /I CA 

0.04/8 (15) 


A A 1 C 1 

—0.0151 


/1 1 A 

(11) 


A A A 11 / 1 1 A 

—0.0011 (11) 


A AAOO /1 1 A 

—0.00/ / (11) 


PO £. 

C36 


A A ") 1 T 

0.0317 


(13) 


A AO O C 

0.0285 


(12) 


A ACOA / 1 C\ 

0.0520 (16) 


A AA*70 

-0.0072 


/1 AA 

(10) 


AAIOO /11A 

-0.0138 (11) 


A AA/1 /1 1 A 

-0.0062 (11) 


C3 / 


A AO fO 

0.0339 


f'l 1A 

(13) 


A AO A A 

O.OzoO 


(12) 


A AO. /I A / 1 0^ 

U.034U (13) 


A A1 AO 

-0.0109 


/1 AA 

(10) 


A A 1 0 c. i 1 A\ 

— 0.0125 (10) 


A AAO 1 /'I A\ 

— O.OOzl (10) 


r"~i o 
C38 


A AIOO 

0.03 /2 


f'l 1A 

(13) 


A A1 /I A 

0.0340 


(A 1\ 

(13) 


A AOOO ( 1 o^ 

0.0Z93 (13) 


A A1 OC. 

0.0135 


/1 1 \ 

(11) 


A AAOO 

—0.0089 (11) 


A AA/1 c. /1 f\\ 

—0.0045 (10) 


C39 


A AO no 

0.0398 


/1 A\ 

(14) 


A AO A 

0.0360 


OA 

(13) 


A A/I^O /1 C\ 

0.0462 (15) 


A A 1 O 1 

—0.0121 


/ 1 1 A 

(11) 


AA101 /11\ 

—0.0121 (11) 


A A 1 A O /11\ 

—0.0143 (11) 


/~m a 
C4U 


A A'} "7 A 

0.03 /4 


/1 1A 

(13) 


A AO A 

0.0269 


f'l OA 

(12) 


A ACOO" / 1 ZC\ 

0.052 / (lo) 


A A 1 O C 

-0.0125 


/ 1 AA 

(10) 


AA1O0 /10\ 

—0.0123 (12) 


A AAOO / 1 1 \ 

—0.0083 (11) 


i/" 1 
K.1 


0.0304 


/I A 

(3) 


A AOOO 

0.0288 


(3) 


A AO 11 /0\ 

0.0311 (3) 


A AAO"0 

-0.00/2 


/OA 

(2) 


A AAO 1 /'0'\ 

—0.0031 (2) 


A AACO 

—0.0058 (2) 


Ml 

JN 1 


A AC/i i 
0.0541 


/ 1 /I A 

(14) 


A ACTO 
0.05 11 


(14) 


A AOO"0 /"1 o^ 

0.03 11 (Iz) 


A AO A c. 

— 0.0.545 


/1 o\ 

(12) 


a a 1 1 q ^^ A^ 
0.0118 (10) 


A A1 OC ( \\\ 

—0.0195 (11) 


JNz 


A AC 1 A 

0.0510 


f'l 1A 

(13) 


A A/1 0 A 

0.0439 


f'l 1\ 

(13) 


A A/IOA /10\ 

0.0420 (13) 


A A 1 A A 

—0.0194 


/1 1 A 

(11) 


A A A A O / 1 Ci \ 
0.0043 (10) 


A A 1 TO ( 1 A\ 

—0.01 15 (10) 


Ul 


A AO A 1 
0.0291 


/OA 

(9) 


A AO H A 

0.0360 


SI AA 

(10) 


AA/T1/I /10\ 

0.0614 (12) 


A AAC C 

-0.0055 


/OA 

(/) 


A AAO 1 /0\ 

0.0031 (8) 


A A 1 O A /A\ 

—0.0134 (9) 


Uz 


0.0578 


(12) 


0.0309 


(9) 


A A/1 1 O /1 A\ 

0.0412 (10) 


A A1 A C 

—0.0145 


/OA 

(8) 


A A1 A£ /OA 

—0.0106 (9) 


A AAAO ZO\ 

0.0003 (8) 


U3 


0.0415 


(10) 


0.0334 


(9) 


A AOOC { 1 A 1 * 

0.0395 (10) 


A A 1 A 0 

— 0.014J 


/0\ 

(<*) 


A AA1 1 /Q 1 * 

—0.001 1 (8 ) 


—0.006 / ( /) 


U4 


0.0353 


(9) 


0.0410 


(10) 


A A/1 C /I / 1 A\ 

0.0454 (10) 


A A 1 O C 

—0.0125 


/OA 

( 8 ) 


A AAO 1 ZO\ 

—0.0021 (8) 


A A 1 /TO iO\ 

—0.0163 (8) 


CO 


0.0497 


(H) 


0.0594 


(12) 


A ACAO i \ 1 \ 

0.0503 (11) 


A AOO"0 

—0.02 /8 


/ 1 AA 

(10) 


A A 1 A /A\ 

—0.0146 (9) 


A A 1 A/1 /A\ 

—0.0104 (9) 


U6 


0.0370 


(10) 


0.0307 


(9) 


A A/C^O / 1 0\ 

0.0663 (12) 


A AAO C 

—0.0025 


/OA 

(o) 


A AAA A 

—0.0094 (9) 


A A 1 OO /A\ 

—0.0183 (9) 


C41 


0.081 (2) 


0.062 (2) 


0.074 (2) 


-0.0425 


(18) 


0.0431 (19) 


-0.0442(18) 


C42 


0.0476 


(17) 


0.0327 


(15) 


0.095 (3) 


-0.0077 


(13) 


0.0281 (17) 


-0.0180(16) 


C43 


0.0347 


(15) 


0.0352 


(15) 


0.094 (2) 


0.0024 (] 


2) 


-0.0268 (16) 


-0.0109(15) 


C44 


0.0595 


(18) 


0.0335 


(14) 


0.0543 (18) 


-0.0102 


(13) 


-0.0280(15) 


0.0046 (12) 


C45 


0.082 (2) 


0.0545 


(17) 


0.0290 (14) 


-0.0363 


(16) 


-0.0028 (14) 


-0.0040 (12) 
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C4o O.Ooo (2) 


A AAA/: /i OA 
O.OoOo (IV) 


A A1 CI p| f \ 

0.03 j 1 (15) 


A ATAA /I H\ 
0.0390 (1 /) 


A A A 1 A p| f\ 

0.0019 (15) 


A A 1 HQ PI A \ 

—0.01 /o (14) 


ah a ncm /1 jC\ 
C4 / 0.050 / (16) 


A ACAA /1 H\ 
0.0560 (1 /) 


A A/1 I A /1 CA 

0.0419 (15) 


A A^IAA /1 A\ 

—0.0296 (14) 


A A 1 0 A /1 0\ 

0.0136 (12) 


AA101 /10\ 

—0.0181 (13) 


r~< a o a A/i o a / 1 c a 

C48 0.0436 (15) 


A ACA/T /1 /TA 

U.U5U6 (lo) 


A ATO/I pi r\ 

0.0384 (15) 


—0.0226 (13) 


a AA 11 /1 OA 

0.0011 (12) 


A AAC A ( 1 0\ 

—0.0054 (12) 


PMO AA/ICO/'I^A 

C49 0.0453 (lo) 


U.U315 (1 J) 


A ACO/T p| o\ 

0.0586 (lo) 


—0.0144 (12) 


A AAA 1 p| 1\ 
0.0001 (13) 


A AAAO (\ T\ 

0.0062 (12) 


p^a n n^m ^1 c\ 
C5U U.039 1 (15) 


A A/I 1/1 /1f\ 

0.0414 (15) 


O.Oooz (19) 


A A 1 /TO /I OA 

— O.Oloo (12) 


A AAAC (\ 

0.0005 (13) 


A AOAO /1 A\ 

— 0.020o (14) 


re i AA/io-i/i/CA 
CM 0.0484 (lo) 


A A /I AA / 1 CA 

0.0406 (15) 


A ACAA /1 AA 

0.0500 (lo) 


A A 1 T5 / 1 0\ 

-0.0123 (12) 


A A1 A A /1 OA 

—0.0100 (13) 


A A1 OA /1 OA 

— 0.0189 (12) 


C52 0.0529 (1 /) 


A A/IT A /K^ 

0.0426 (15) 


A f\A OA /1 A\ 

0.0490 (lo) 


A A 1 OA /1 OA 

—0.0129 (13) 


A AAA A PI 0\ 

0.0004 (13) 


A AOO 1 PI OA 

—0.0231 (13) 


r>f i A AO/1 /OA 

C53 0.084 (2) 


A 1 AT /OA 

U.1U/ (3) 


A A1 ZH ( 1 A\ 

0.035 / (lo) 


—0.06 / (2) 


AA1/1A/1CA 

0.0149 (15) 


A AOTO ( 1 H\ 

—0.02 /O (1 /) 


C54 U.U / 3 (Z ) 


A AQ7 /OA 

U.Uo / (Z) 


A AT / 1 £\ 

U.U383 (10) 


U.UjZo (19) 


A A A AO (\ A\ 

yJ.yjyJvjj (14) 


A A 1 Q"7 (\ £\ 

U.U 19 / (lo) 


pre n A/1*70 /1 TA 

C55 U.U4 /8 (1 /) 


A AC n /1 7\ 

0.0512 (1 /) 


A AjCO/C A\ 

O.Oozo (19) 


A AO 1 C ( 1 A \ 

-0.0215 (14) 


A AO 1 O ( W A \ 

—0.0312 (14) 


A AA/1 H /1 A \ 

U.UU4/ (14) 


C56 0.0389 (1 5) 


A AT AO {\ A\ 

0.0308 (14) 


A AO A /o^ 

0.059 (Z) 


A AAH 1 / 1 r \\ 

0.00 / 1 (12) 


a (v>nH pi c\ 
—0.02 / / (15) 


A AAO O /I C\ 

— 0.0038 (15) 


pra n ATfin /1 a a 

C5 / 0.0299 (14) 


A A/C/l /OA 

0.064 (2) 


A 1 AA 

0.109 (3) 


A AAAA /1 1\ 

—0.0060 (13) 


A AA 11 ( 1 A\ 

0.0011 (16) 


A ACA /OA 

—0.059 (2) 




U.U / o ^Z J 


U.U / J ^z ^ 


U.UjH-O ^ 1 / } 


U.UZJ7 ^1 1 ) 


U.UH-Oy ^ 1 y ) 


C59 0.184 (12) 


0.192(10) 


0.113 (7) 


-0.120(11) 


-0.002 (13) 


-0.038 (10) 


C60 0.092 (5) 


0.113 (6) 


0.187 (9) 


-0.004 (4) 


-0.045 (5) 


-0.066 (6) 


C61 0.074 (10) 


0.096 (7) 


0.26 (3) 


-0.044 (7) 


0.044 (12) 


-0.011 (11) 


C62 0.092 (5) 


0.113 (6) 


0.187 (9) 


-0.004 (4) 


-0.045 (5) 


-0.066 (6) 


C63 0.184 (12) 


0.192 (10) 


0.113 (7) 


-0.120(11) 


-0.002 (13) 


-0.038 (10) 


Geometric parameters 


(1°) 










Col — C34 


2.067 (2 




Kl — U2 




O HO 1 A / 1 H\ 

2.7810 (17) 


Col — C5 


1 A*70 /O 

2.078 (2 




Kl — U6 




O *7AO A / 1 OA 

2.7989 (18) 


Col — C38 


1 AOO /O 

2.083 (2 




Kl — (Jl 




O O 1 f\C / 1 H\ 

2.8106 (17) 


Col — C33 


2.089 (2 




Kl — 03 




1 OIAO / 1 H\ 

2.8208 (17) 


< i pin 

Col — C37 


1 AA1 /O 

2.091 (2 




Kl — <J4 




0 oin / 1 h\ 

2Xiyi (17) 


Col — C4 


1 Afll /O 

2.092 (2 




Kl — N 1 




O A A O S r )\ 

3.048 (2) 


Col — C20 


i Am /o 

2.093 (2 




Kl — N2 




O A*7 /I /1\ 

3.074 (2) 


Col — C21 


2.129 (2 




Nl — C53 




1.463 (4) 


CI — C2 


1 IT/I / ,1 

1.374 (4 




XT 1 A 1 

N 1 — C41 




1 A mCH f A \ 

1.467 (4) 


C ' 1 pi 1 

CI — Cll 


1 O A A / -1 

1.399 (4 




XT 1 p/in 

N 1 — C47 




1 -1 *7 1 /"O A 

1.471 (3) 


/— ' 1 TT1 

CI — HI 


a acaa 

0.9500 




N2 — C52 




1 /I C A /I \ 

1.459 (3) 


C2 — C3 


1 1AC /") 

1.395 (3 




\Ti pen 

N2 — C58 




1 yl z:') / /I A 

1.463 (4) 


Cz — Hz 


A ACAA 

0.9500 




JN2 — C46 




1.467 (4) 


/~1 0 ph 

C3 — C12 


1 TA1 /O 

1.391 (3 




Ul — C42 




1 /ITT n\ 

1.422 (3) 


/~>t in 

C3 — H3 


A acaa 

0.9500 




Ol — C43 




1 /ITT /T\ 

1.433 (3) 


C4 — C5 


1.420 (3 




02 — C45 




1.413 (3) 


A PH 

C4 — C12 


1 dfl /o 

1.453 (3 




U2 — C44 




1 /ITA /T A 

1.420 (3) 


A TT A 

C4 — H4 


A A/C /T\ 

0.96 (2) 




U3 — C49 




1 /IT 1 /O A 

1.421 (3) 


/~1 r pn 

C5 — C13 


1 -1 £A /O 

1.460 (3 




P /I o 

03 — C48 




1 /ITT /T \ 

1.422 (3) 


C5 — H5 


0.95 (2) 




04 — C5 1 




1.416 (3) 


Co — C13 


1 I 0*7 /") 

1.387 (3 




/~\ a pr A 

04 — C50 




1 -1 1 O /"O A 

1.418 (3) 


Co — C7 


1 TAT /"} 

1.397 (3 




05 — C54 




1 ^ 1 £ /T \ 

1.416 (3) 


C6 — H6 


0.9500 




05 — C55 




1.427 (3) 


C / — Co 


1 T "7 /I 1 A 

1.3 /4 (4 




Uo — C5 / 




1 A T A /T \ 

1.420 (3) 


C7— H7 


0.9500 




06— C56 




1.420 (3) 


C8— C14 


1.399 (3 




C41— C42 




1.500 (5) 


C8— H8 


0.9500 




C41— H41A 




0.9900 


C9— C10 


1.340 (4 




C41— H41B 




0.9900 


C9— C14 


1.432 (3 




C42— H42A 




0.9900 
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C9 — H9A 


0.9500 


CIO — Cll 


1 inn /*) \ 

1.439 (3) 


/"MA TT1 A A 

CIO — H10A 


A AC AA 

0.9500 


Cll — C15 


1 /in /o \ 

1.423 (3) 


C12 — C15 


1.426 (3) 


C13 — C16 


1.423 (3) 


C14 — C16 


1 /111 /o\ 

1.422 (3) 


C15 — C16 


1.435 (3) 


pi o 

C17 — C18 


1.375 (4) 


Cl7 — C27 


1 -i a r s a \ 

1.405 (4) 


C17 — H17 


A A f A A 

0.9500 


C 1 8 — C 1 9 


1 1 O "7 / /I \ 

1.387 (4) 


/"* 1 O T T 1 O 

Clo — HI s 


A ACAA 

0.9500 


C19 — C28 


1 1 AO \ 

1.398 (3) 


Cl9 — Hl9 


0.9500 


C20 — C21 


1.425 (3) 


C20 — C28 


1.448 (3) 


C20 — H20 


A AT / ^\ \ 

0.97 (2) 


C2l — C29 


1.455 (3) 


L21 — H21 


A AO /^N 

0.93 (2) 


C22 — C29 


1 1A1 /""?\ 

1.392 (3) 


C22 — C23 


1 1 A f /1\ 

1.395 (3) 


C22 — H22 


0.9500 


C23 — C24 


1 1 "7 A / /I \ 

1.370 (4) 


C23 — H23 


A A f A A 

0.9500 


C24 — C30 


1.404 (4) 


/I T T ^\ A 

C24 — H24 


0.9500 


C25 — C26 


1 O /I /I / /I \ 

1.344 (4) 


C25 — C30 


1.435 (4) 


C25 — H25 


0.9500 


C26 — C27 


1.432 (4) 


C26 — H26 


A A f A A 

0.9500 


C27 — C3 1 


1.421 (3) 


C28 — C3l 


1.427 (3) 


C29 — C32 


1.422 (3) 


C30 — C32 


1.418 (3) 


C31 — C32 


1 /I /I A /") \ 

1.440 (3) 


C33 — C34 


1 TOO /") \ 

1.383 (3) 


C33 — C40 


1.524 (3) 


C33 — H33 


A AO /1\ 

0.98 (2) 


C34 — C35 


1.519 (3) 


C34 — H34 


A AA / ^ \ 

0.90 (2) 


C35 — C36 


1.530 (3) 


PTC TT') c A 

C35 — Hi 5 A 


0.9900 


C35— H35B 


0.9900 


C36— C37 


1.522 (3) 


C36— H36A 


0.9900 


C36— H36B 


0.9900 


C37— C38 


1.391 (3) 



C42 — H42B 


A AAA A 

0.9900 


C43 — C44 


1 .477 (4) 


/~1 A T T /I 1 A 

C43 — H43A 


A AAAA 

0.9900 


C43 — H43B 


A AAAA 

0.9900 


P /I /I T T A A K 

C44 — H44A 


A AAAA 

0.9900 


/~1 /I /I T T A A 

C44 — H44B 


A AAAA 

0.9900 


C45 — C46 


1.483 (4) 


C45 — H45A 


A AAAA 

0.9900 


C45 — H45B 


A AAAA 

0.9900 


< y- - TTd / A 

C46 — H46A 


A AAAA 

0.9900 


C46 — H46B 


A AAAA 

0.9900 


C47 — C48 


1 /in/' i a\ 

1.496 (4) 


f ^ ^ T T /I "7 A 

C47 — H47A 


A AAAA 

0.9900 


/~1 /IT TT /I T"T^ 

C47 — H47B 


A AAAA 

0.9900 


/"< HO T T A O A 

C48 — H48A 


A AAAA 

0.9900 


r * AO T T A Ci T1 

C48 — H48B 


A AAAA 

0.9900 


ri /in rif A 

C49 — C50 


1 A on / A \ 

1.487 (4) 


/- • a A T T /I A A 

C49 — H49A 


A AAAA 

0.9900 


C49 — H49B 


0.9900 


/"~- r (\ TTfA A 

C50 — H50A 


A AAAA 

0.9900 


C50 — H50B 


A AAAA 

0.9900 


C5l — C52 


1 f A/" / /I \ 

1.506 (4) 


^1 T T C 1 A 

C5l — H51A 


A AAAA 

0.9900 


s ^ r i t Tr 1 T~i 

C51 — H51B 


A AAAA 

0.9900 


C ' C ^ TTf /l 4 

C52 — H52A 


A AAAA 

0.9900 


/~y c ^ Tir in 

C52 — H52B 


A AAAA 

0.9900 


C53 — C54 


1 r A A / A\ 

1.509 (4) 


f ' r>-* T TO A 

C53 — H53A 


A AAAA 

0.9900 


pro TTOT~i 

C53 — H53B 


A AAAA 

0.9900 


C54 — H54A 


A AAAA 

0.9900 


/~1 ^ J TTf ^ T~i 

C54 — H54B 


A AAAA 

0.9900 


C55 — C56 


1 A OA / A \ 

1.480 (4) 


C55 — H55A 


A AAAA 

0.9900 


r ^ r r TTf fn 

C55 — H55B 


A AAAA 

0.9900 


C56 — H56A 


A AAAA 

0.9900 


f < r /- TIf /"TT 

C56 — H56B 


A AAAA 

0.9900 


C57 — C58 


1 /IA1 / C\ 

1.492 (5) 


/in Tin a 

C57 — H57A 


A AAAA 

0.9900 


nfn TTf tt» 

C57 — H57B 


A AAAA 

0.9900 


C O TTf O A 

C58 — H58A 


A AAAA 

0.9900 


C58 — H58B 


A AAAA 

0.9900 


C59 — C60 


1.50 (3) 


/""If A TTf A A 

C59 — H59A 


A AO AA 

0.9800 


/~' C (\ TTCAT3 

C59 — H59B 


A AOAA 

0.9800 


C59— H59C 


0.9800 


C60— C61 


1.504 (9) 


C60— H60A 


0.9900 


C60— H60B 


0.9900 


C61— C62 


1.507 (9) 
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C37— H37 


0.95 (2) 


C61— H61A 


0.9900 


C38— C39 
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